Abstract. This paper seeks to contribute to the debate on the decision-making process for the location of large public facilities, responding to the growing demand for greater rationality in public investment whilst still offering services of quality and addressing the problem of spatial friction. The specific problem analysed in this paper is the need to define the best location for a public hospital in a particular region of Portugal. The singularity of the approach adopted lies above all in the segmentation into macro-location and micro-location.
The problem of public facility location
The problem of location is a question that is always present, regardless if it concerns the rationality of private investment (where correct location contributes to profit maximisation) or public interest (where the offer of superior collective goods and services depends on the just search for social and territorial equity) (Owen and Daskin, 1998; Hare and Barcus, 2007) . In the latter case, the goods or service in question may be provided, either by the public or the private sector, but the Government/State guarantees all financial considerations needed to cover the gap between the collective interest and economic viability (Kenbur and Venables, 2005) . However, in the case of pure private investment, the strife for a fair distribution of social and territorial equity does not exist, as the concern is merely reaching those that can justify the cost of the service provision, i.e. areas where profits can be maximised are favoured (Malczewski and Ogryczak, 1995) . As far as public investment aimed at meeting the fundamental needs of the population is concerned, albeit in a context of economic rationality, universal access must be guaranteed (McGrail and Humphreys, 2009 ). Even if public-private partnerships have to be established for that purpose and programming criteria have to be defined to guide the investment (Ross and Soland, 1980; DGOTDU, 2002; Delgado and Sendra, 2004) .
The necessity to satisfy the needs of the population is recognised but, at the same time, it is acknowledged that there are limits to the collective financing capacity when it comes to public facilities. For this reason, the location of public facilities becomes a central factor in the quality of life of populations and in guaranteeing an appropriate redistribution of public funds (Witter, 2012) . The problem is thus generally centred around reducing spatial friction (Hyndman and Holman, 2001; Lee and Moon, 2014) , but this concern is gradually replaced by others as one comes closer to defining the specific location area. The reason is that one has to consider the compatibility of the facility with the characteristics of a location option (urban dynamics, noise, pollution, congestion, availability of space, environmental sensitivity, etc.) as pointed out by Greenhut and Mai (1980) . This means that one has to go through two sequential processes -macro-and micro-location -in the decision-making process that look at the location problem on different spatial levels applying differing methodologies, because they also have differing objectives.
Distance from health facilities
One of the major issues in defining locations for health facilities is guaranteeing that the most isolated local inhabitants are able to access the facility within an acceptable time frame, particularly in more urgent cases, but also in situations that require frequent visits (Hare and Barcus, 2007; McGrail and Humphreys, 2009; Field, 2000) . Generally speaking, users able to choose, travel to the health facility that is situated closest to their home (Rahman and Smith, 2000) . However, they may also opt for a different location, for which the time-distance or cost-distance is lower thanks to the design of the infrastructure network and public transport systems (Peipins et al., 2011) . Decisions may also be influenced by the imposition of administrative limits on the catchment areas for the facilities in question, which could even mean greater travel distances than if the nearest facility were used. Thus, the geographical proximity logic can be challenged on administrative grounds, for reasons of the transport infrastructure network and public transport system. Finally, in cases where the individual freedom of choice is recognised by the health system, deviations from the proximity (be it geographical, temporal or in terms of cost) are possible when service quality factors, the range of services offered or even preference for certain specialist doctors or facilities are factored in. Being a time-distance away from a healthcare unit that is considered reasonable (DGOTDU, 2002) can in fact be illusory in terms of effective spatial coverage and also even in terms of population satisfaction given that there are sometimes conditions that apply to facilities, limits to resources or even situations of service congestion that can turn near into far (McGrail and Humphreys, 2009) .
The existence of health infrastructures does not guarantee that they are easily accessible and, on the other hand, proximity to facilities does not guarantee that the services are readily available, as the demand may be high (Ranga and Panda, 2014) . Availability and distance/proximity are factors that must be taken into consideration together (McGrail and Humphreys, 2009 ). Other factors, such as profession, income and education of the users, can also have an influence on the frequency with which the health services are availed of (Hare and Barcus, 2007) . Hence, distance, which is variable, is not the only decisive factor when dealing with accessibility of health services. It should be treated with particular care, as it can be quantified and interpreted in many ways (Gesler and Meade, 1988; Paez et al., 2010) . One can therefore establish that accessibility involves both geographical and socio-organisational aspects and amounts to more than the simple availability of resources in a given moment. It is a multi-dimensional concept that can be represented using empirical indicators (Andersen et al., 1983; Peters et al., 2008) .
The location requirements for large-scale public facilities
It goes without saying that a public facility has to be conceived and located so as to best respond to the needs of its target public, but it must also comply with a number of constraints like availability, accessibility, affordability, acceptability and accommodation (Penschansky and Thomas, 1981) . The efficiency of such facilities depends on their capacity to achieve a certain service level with a minimum of operating costs. An efficient facility is, therefore, one that maximises the respective service, managing it with a limited, pre-defined budget (Truelove, 1993) . In order for a public facility to achieve a high level of efficiency, criteria are applied that allow one to assess, first and foremost, the pertinence of the establishment of said facility, then its location and then its size and the range of services to be included.
In Portugal these decisive factors have been standardised and regulated for public facilities and services (DGOTDU, 2002) as follows: (i) the justification criterion, which specifies utilisation by a minimum number of the population for viability of the facility; (ii) the catchment criterion, which defines the maximum distance, measured in minutes or kilometres, that users have to travel; (iii) the programming criterion, which relates to planning for the event that a facility fails to meet the needs; (iv) the sizing criterion, which provides values for determining the surface areas required for the facility; and (v) the location criterion, which examines the relationship with other land occupations and assesses factors such as safety, noise and urban and spatial integration. Whilst these are consensual regulations, it is true that the specificities of regional (or even national) facilities, as well as the inclusion of other factors such as accessibility in terms of motorways, motorway tolls, traffic congestion, the environment, rivalry between local councils (reflected in the offer of sites and/or accessibility) and also the recruitment and travel needs of the human resources allocated to the facility, to name just a few, impinge on the choice. Importantly, the existence of so many diverse factors warrants the application of a more elaborate methodology with a view to ensuring greater spatial coverage with the lowest possible investment, i.e. in a highly efficient ratio (Tsou et al., 2005) . It is in this context, which is new and complex, that one must look at the present issue of the location of the Hospital do Oeste Norte (HON), which is not yet an existing facility, whereby the above-listed criteria have been deemed insufficient and one can argue the case for a hierarchical location model that: (i) minimises the maximum overall travel time for users in the area to be covered;
(ii) takes the cost of user travel into account; (iii) assesses the daily travel needs of the worker universe; (iv) takes environmental sensitivity into consideration; (v) takes the regional surroundings into account (both from the perspective of constraints imposed by a dense urban fabric and in terms of the expected effects on the economy); and (vi) considers the cost of the land to be used.
An application of the methodology: macro-micro location
The process of selecting the best location for a facility that requires users to travel to it has to take into consideration at least two fundamental premises: (i) the degree of regional coverage so that it responds to the demands distributed unequally throughout the region; in this case, the HON's catchment area, i.e.the municipalities of Alcobaça, Peniche, Caldas da Rainha, Nazaré, Óbidos and Bombarral; and (ii) a location that does not compromise its regional vocation, i.e. that guarantees availability of a sufficient surface area, open and congestion-free accesses with an efficient collective transport network, is on the margin of densely built or protected areas and close to human resources that are in line with for its operational needs as well as services, commerce and support facilities. Hence, in order to ensure that the two prerequisites are respected, the methodology was separated into two components: macro-location and micro-location.
Defining the macro-location involves identifying an approximate buffer zone; in this case for the establishment of a new hospital. As, in this phase, this is a coverage problem (Daskin,1995; Sridharan,1995; Serra and Marianov, 2002) , the buffer area merely serves to establish that the locations for the physical location of the facility should be within this buffer area, with the actual decision on the final location involving a different approach. The HON seeks to be a structuring regional facility that will generate a considerable volume in terms of daily flux (approximately 1,000 workers, more than 300 patients per month in outpatient treatment, visits by patients' family and all other person flows necessary for the operation of a facility of this type). This can lead to positive and negative externalities in both the construction and operating phases. It is also fundamental that this approach takes into consideration: (i) the regional spatial planning plan for the West and Tagus Valley Region (PROT OVT), which develops and implements the principles and guidelines of the National Spatial Planning Policy Programme (PNPOT), the basic document that is the strategic reference in Portugal and establishes the principles to be observed in local plans (for example, municipal plans); (ii) the spatial weighting of the places in the HON's catchment area, using gravity models, as these serve to characterise and predict the flows of people, goods and information throughout the space (Sen and Smith, 1995) . The result of the application of gravity models can be spatialised, as the places correspond to balance points between the centres of mass taken into consideration (municipality seats, parish seats) in the chosen units (population, seasonal accommodation, medical consultations, amongst other issues); (iii) concerns related with the universe of the human resources deemed indispensable for operation of the hospital and the users in general, taking into account the impact that these flows will have on energy consumption, the emission of pollutants, travel times and other factors; and (iv) assessment of the seismic risk in the sub-region in question on the basis of the zones of seismic risk legally defined for Portugal. It will be fundamentally important to analyse these aspects during the location decision process in order to minimise those aspects that are more negative and boost the more positive ones. The expected result of the macro-location process is the indication of a location area with a diameter of approximately 10 km within the new hospital's catchment area (see Fig. 1 ) that optimises the response to the analysed constraints, such as regional planning, distribution of centres of mass and impact on worker, user and supplier flows.
The micro-location process defines the specific location site on the basis of a given and finite set of alternatives for implementation of the hospital, taking as a base the 10 km diameter buffer zone defined in the preceding macro-location phase. The assessment methodology for the best location option includes (i) definition, systematisation, validation and weighting of criteria and sub-criteria for location selection; and (ii) assessment of the performance level of each location option for each of the criteria and sub-criteria.
At the end of the process it will be possible to assess the performance in each criterion and sub-criterion for each location alternative taken into consideration. Given that there is a wide range of criteria and sub-criteria to be applied to a varied list of alternative locations, one can speak of a multi-criteria model. For the choice of the best micro-location for the HON, in identifying the criteria (which, in some cases, are broken down into sub-criteria, i.e. broken down into important individual aspects that have to be appraised and evaluated), three fundamental levels of concerns were taken into account: (i) the environment and sustainability, where, on the one hand, factors that could carry risks for the location of the hospital were taken into account and, on the other, one assessed the compatibility with planning options expressed in the spatial planning instruments at the local level, namely with regard to the classification of spaces and the existence of constraints identified in those plans; (ii) accessibility and transport, assessing the relationship between the alternative locations/sites and the road network and public transport system; and (iii) formal characteristics of the location alternatives/sites, encompassing aspects such as the surface and configuration of the land site, legal questions and preliminary works requirements that may constitute a greater onus and/or delay construction of the HON. On the basis of a wide range of criteria and taking the aforementioned concerns into account, it was possible to define the criteria tree presented in Table 1 .
Conclusions
The application of a specific, detailed methodology to the location decision process for a large public facility must be based on a complex hierarchy consisting of two sequential phases, namely macro-location and micro-location, and apply precise criteria and indicators that are specifically adapted to each location assessment phase. Thus, the first phase provides the best area for the location using the criteria adopted and the second phase allows to identify specifically, within that area, the best construction site.
The macro-location phase makes it possible to define an approximate location area that meets the initial objectives. The criteria used to determine this approximate area should be generic in nature and adjusted to the size of the area being analysed. In the micro-location process it should be possible to add more specific criteria, as we are no longer concerned with finding the "optimal" area from an infinite list of locations, which can be used to determine the best site option from a predefined set of valid options.
The conjugation of relative scale keys (better/worse) and geo-spatial analysis contributions (e.g. gravity centres) as well as the quantitative data (e.g. minimum travel times), amongst other resources and instruments, provide important support to the decisionmaking process.
The methodology presented here is a pertinent alternative to the adoption of stochastic-deterministic models in response to the complexity of the problem in question. Likewise, the communication process and its results for the non-scientific community are also more facilitated which is very important when there is a need to make transparent the criteria for use of public funds.
